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Recent results obtained with surface-sensitive techniques such as ultraviolet photoelectron spectroscopy (UPS), 5 ' 6 partial yield spectroscopy, 7 and elec-8 tron energy-loss spectroscopy, however, seem to indicate that no single theory will explain the data for all Schottky barrier devices.
For semiconductor-semiconductor heterojunctions, as with Schottky barriers, the most serious problems arise from the misfit which necessarilyoccurswhen materials of unequal lattice parameters are interfaced. The dangling bonds arising at the interface could be expected to provide electrically active states serving either as charge traps, in which case a modified band profile could result, or as recombination states which could affect the transport properties of the junction.
The wide application of heterojunctions in electronic devices suggests that a better knowledge of their interface states would be useful for the 11 tailoring 11 of such devices. Nevertheless, up to now only one surface-sensitive experiment has been reported for such heterojunctions, 9
and that work did not establish the magnitudes of the conduction and valence band discontinuities at the interface, but only showed their Thus, a determination of v 0 will also allow the calculation of 6Ec.
This has typically been done in the past by analyzing the C-V characteristics of the heterojunction, 1 according to the relationship
Such results have frequently been explained by equating the conduction band discontinuity at the interface to the difference in electron affinities,
-5-but the validity of this approach has been questioned by several authors, who have proposed different theoretical models. 11 -14 For the (110) interface of the GaAs/Ge heterojunction, the predictions of the selfconsistent pseudopotential method of Ref. 14 and the electron affinity difference method are given in Table I , along with C-V results. 15 The variation in the C-V data seems to indicate that such measurements must be made in conjunction with microscopically sensitive techniques in order to fully characterize the interface.
We report here the first ARUPS determination of the GaAs/Ge (110) heterojunctiondiscontinuities. The experimental apparatus was described earlier. 16 Briefly, electrons were photoejected by 21.2 eV (Hei) ohotnns from an _i!l_ situ cleaved n-type r,aAs (110) sinale crystal (carrier concen-14 -3 tration of 8 x 10 em by Hall effect measurements) which was subsequently covered by evaporative deposition with successively thicker overlayers of Ge. The electrons were energy analyzed using a cylindrical mirror analyze~ with a resolution of 0.07 eV. During the depositions the temperature of the substrate was held at the epitaxial growth 17 -10 temperature of 420°C, with a base pressure of 2 x 10 torr. ARUPS spectra were taken for various Ge coverages, ranging from a fraction of a monolayer to ca. 20 monolayers; coverages were determined by calibrating the oven with a piezoelectric thickness monitor, and one monolayer was defined as 8.85 x 10 14 atoms cm-2 , in conformity with previous work. 5
Selected results are shown in Fig. 2 , where the spectra for clean and Ge-covered GaAs are presented for normal emission; these spectra are hereafter referred to as 0 to 6. The position of Ef was determined In conclusion, we have demonstrated the viability of ARUPS as a structure-sensitive tool, on the microscopic level, for determining band discontinuities in semiconductor-semiconductor heterojunctions, and have obtained results for the GaAs/Ge (110) couple which suggest the need for further theoretical work. A paper which describes our data in more detail is currently under preparation.
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